INTRODUCTION
A 2.7 kb DNA fragment encoding the 60 kDa common antigen (CA) and a 13 kDa protein of Legionella micdadei was sequenced. Two open reading frames of 57677 and 10456 Da were identified, corresponding to the heat shock proteins GroEL and GroES, respectively. Typical -35, -10, and Shine-Dalgarno heat shock expression signals were identified upstream of the L. micdadei groEL gene. Further upstream, a poly-T region, also a feature of the o32-regulated Escherichia coli groELS heat shock operon, was found. Despite the high degree of homology of the expression signals in E. coli and L. micdadei, Western blot analysis with an L. micdadei specific anti-groEL antibody did not reveal a significant increase in the amount of the GroEL protein during heat shock in L. micdadei or in the recombinant E. coli expressing L. micdadei GroEL.
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In spite of low DNA-DNA homologies between different Legionella species [1] several antigens are shared genuswide. Among these is the common antigen (CA), a major 60 kDa protein [2, 3] . CA has been shown to belong to the family of stress proteins [3] [4] [5] [6] and is equivalent to the Escherichia coli GroEL and My¢obacterium boris 65 kDa antigen [7, 8] . In the following, the designations CA and GroEL will be used as synonyms.
CA has attracted interest from both a diagnostic, taxonomic, and pathogenic point of view. It is an immunodominant antigen recognized by sera from patients with Legionnaires' disease [3] . Thus the identification of genus-specific CA epitopes, cross-reactive at the species level, would make it possible to detect antibodies to several Legionella species in a simplified diagnostic test [3] . Furthermore, sequence data from this phylogenetically conserved protein could help to define diagnostically relevant peptide sequences. It may also provide useful taxonomic information alongside studies of rRNA sequences.
CA may also play a protective role in the intracellular survival of legionellae. The replication of legionellae within host macrophages re-quires an effective system which protects the bacteria against oxygen-dependent and oxygen-independent defence mechanisms generated by the infected macrophages. In Salmonella typhimurium [9] and E. coli [10] , the CA gene is upregulated in response to hydrogen peroxide and it is likely that CA is involved in protection of intracellular bacteria against oxygen radicals. The molecular details of this protection are not yet fully understood, but recent work indicates that the biological function of CA is to facilitate assembly and folding of protein subunits within the cytoplasm [8, 11, 12] . Genetic and experimental evidence suggest that the function of the E. coli GroEL is dependent on the interaction with another protein, the GroES 15 kDa protein [13] . The experimental evidence implicating CA in the pathogenesis of autoimmune disease [7, [14] [15] [16] [17] [18] makes it important to obtain comparative sequence data for several CAs. Such data might give an insight into the interaction of this protein with the immune system.
We have previously reported the cloning and expression of L. micdadei CA in E. coli [19] . The CA gene was cloned and expressed using a cosmid cloning system. Two genes encoding a 60 kDa (CA) and a 13 kDa antigen were isolated on a 3 kb fragment. In this paper we report the nucleotide sequence of 2.7 kb of this DNA fragment which contains an operon equivalent to the E. coli groELS heat shock operon.
MATERIALS AND METHODS

Immunochemical techniques
Western blotting was performed as described earlier [20] . The production of a polyspecific antiserum to L. micdadei and a monospecific anti-L. micdadei CA has been described elsewhere [19] . A Legionella CA-specific monoclonal antibody, 2125, was kindly provided by Dr. I. Steinmetz, University of Hannover, F.R.G.
Recombinant DNA techniques
Bacterial strains and vectors: E. coli strain JM109 (recA1, endA1, gyrA96, thi, hsdR17, SupE44, relA 1, ~) was used as host for all recombinant plasmids [21] . The vectors used were pBGS18 + [22] and pGEM7Zf(+) (Promega, WI, U.S.A.). The construction of pBA200 containing a 3 kb BamHI-SphI fragment of L. micdadei DNA in the vector pBGS18 + was described in [19] . Subcloning and manipulation of DNA was done according to standard procedures [23, 24] . Deletion mutants used for DNA sequencing were constructed by cutting with restriction enzymes followed by religation at low DNA concentration [25] . Unidirectional deletion mutants were generated with Exonuclease III as described by Henikoff [26] . DNA sequencing was carried out using the commercially available DNA sequencing kit 'Sequenase' (United States Biochemical Corp., Cleveland, OH, U.S.A.). Plasmid DNA to be sequenced was purified on CsC1 gradients or on Elutip-D columns (Schleicher and Schuell, F.R.G.) and sequenced using the protocol for double stranded DNA. Sequence reactions were electrophorized on an LKB Macrophor (LKB Bromma, Sweden). Oligonucleotides for DNA sequencing were either commercially available standard primers or synthesized on a PCR-mate Model 381 DNA synthesizer (Applied Biosystems, Foster City, CA, U.S.A.).
Induction of heat shock response
The recombinant E. coli JM109(pBA200) and control E. coli JM109(pBGS18 + ) were grown in LB-media containing kanamycin (50 t~g/ml) at 28°C to mid-log phase (OD680 = 0.580). Two sets (A and B) of three samples (500 /~1 each) were aliquoted into Eppendorf tubes. To one set of samples (A) was added 20 /~Ci[3~S]methionine (Amersham, U.K.). The three samples in A and B were incubated at 28, 37, and 42 ° C, respectively, for 20 rain. One set of samples (B) was analyzed by Western blotting using the Legionella CAspecific monoclonal antibody 2125. The radiolabelled heat induced cultures (A) were precipitated with an equal volume of 10% trichloroacetic acid, spun down, washed in acetone, spun again and the pellet was resuspended in 100 /~1 sample buffer (8% glycerol, 0.1 M dithiothreitol, 0.6% SDS, 0.02 M Tris-HC1, pH 6.8). A similar experiment was performed for L. micdadei (ATCC 33218), grown to mid-log phase in buffered yeast extract with a-ketoglutarate (BYE-a). The radiolabelled samples were run on SDS-polyacrylamide gels, and after fluorography, the gel was dried and exposed to X-ray film for 72 h.
RESULTS AND DISCUSSION
The plasmid pBA200 encodes a 60 kDa and a 13 kDa subunit recognized by a polyspecific antiserum raised against L. micdadei. By using a monospecific antibody to L. micdadei CA it was shown that the 60 kDa subunit corresponds to CA (GroEL) [19] . The smaller subunit of 13 kDa was presumed to be the equivalent of the GroES protein. Unidirectional deletions in pBA200 were generated from the left as illustrated in Fig. 1 Fig. 1 ) and accordingly the direction of transcription must be from left to right. Most (2.7 kb) of the 3 kb fragment was sequenced, using the above described deletion mutants and by primer extension. Two open reading frames of 290 and 1640 bases translated from left to right were identified (Fig. 2) . The open reading frames corresponded to two polypeptides of calculated molecular masses of 10456 Da and 57677 Da. The measured molecular mass corresponds reasonably well to the values of 13 kDa and 60 kDa determined by Western blotting. Alignment of the deduced amino acid sequences with the GroEL and GroES sequences of E. coli clearly shows a high degree of homology, indicating that the 60 kDa and the 13 kDa protein subunits are indeed equivalents of GroEL and GroES respectively (Fig. 3) . As expected, the two L. micdadei open reading frames are preceded by typical heat shock promotor sequences. In Fig. 4 we have compared the putative heat shock -35, -10 and Shine Dalgarno with the corresponding sequences in E. coli, Coxiella burnetti, and Chlarnydia psittaci [8, 15, 27] . This analysis shows that the regulatory region of the L. micdadei groELS operon is very like the E. coli heat shock regulatory sequences. Upstream of the -10 and -35 regulatory region is a poly-T region also found in E. coli, but not in the corresponding region of C. psittaci or C. burnetti.
By alignment of several known CA sequences (Fig. 3) it appears that some regions are highly conserved with less conserved regions interposed. Residues 180-188 correspond to the so-called arthritogenic epitope of the mycobacterial CA. This region appears to be variable with two flanking highly conserved amino acid sequences. One of the striking features of the GroEL sequence is a carboxyterminal Gly-Gly-Met repeat. This repeat structure (although of variable length) is found in all bacterial GroEL sequences. The biological sig- --,,-,,,--,---,,--,--- nificance of the repeat is not known, but an equivalent repeat has been identified in another member of the heat shock protein family, hsp70, sug--35 -10 LM: ACAAAAATTTTTTTIAITTTTACCCTTGAAAGT*'*****TTGTCCCCATCTGGCATGTCA EC: TCAGAATTTTTTTTTCTTTTTCCCCTTGAAGGG*******CCATCCCCATTTCTCTGGTCA CP: TGGCTCCGACTTCCCATTAGAAATCTTGAAGAA*******CGAGGCCCATATCAAGGCCTT CB: TTATGACGAAGAATTAAAAACGCCCTTGAATTT*******ACCTGCCCTTATATGACTAGT gesting that this region is functionally important. Its noteworthy that the Gly-Gly-Met repeat in the GroEL of E. coli and L. micdadei are completely identical. The high degree of homology between the E. coli and L. micdadei expression signals lead us to investigate whether the E. coli heat shock specific o factor (032) was able to regulate the expression of the two L. micdadei groEL and groES equivalents. When the recombinant JM109(pBA200) or L. micdadei were exposed to temperature changes from 28 to 37°C or 28 to 42 °C, no increase in expression of the 60 kDa subunit could be detected by Western blotting (Fig. 5) . Radioactive incorporation of [35S]methionine in JM109(pBA 200) during heat shock did result in a stronger expression of a 60 kDa protein, which could represent both the E. coli GroEL and the L. micdadei GroEL (not shown). However, induction of a 13 kDa component not present in the control JM109(pBGS18 +) was seen in the autoradiogram. Others investigators, when examining heat shock responses in L. pneumophila [6] found a two-fold increase in this species' 60 kDa groEL analogue, distinguishable only by densitometric scan. These authors also noted a constant relative level of 60 kDa protein over a wide range of temperatures. Our own and their findings could be explained by the theory that growth in artificial media in itself is a stress factor for the legionellae [28] . Stress factors other than heat may be stronger inducers of GroEL in L. micdadei or alternatively the operon may be controlled by additional as yet undefined regulatory elements. Difficulties in inducing recombinant 60 kDa groEL analogues in other genera (i.e. Borrelia burgdorferi) have also been observed [29] .
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Our data add L. micdadei to the list of bacteria ( E. coli, C. burnetti, C. psitacci) possessing a coregulated groELS operon [8, 15, 27] . Although it is known that there is a functional interaction between the GroEL and the GroES components, the molecular basis of this interaction is not understood. The sequence results presented should facilitate the construction of specific mutants to clarify this problem, and make it possible to study the protective role of the GroEL and GroES proteins in the intracellular lifestyle of the legionellae.
